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(57) ABSTRACT 

A common standard may be used for both dynamic random 
access memories and non-volatile memories, despite the fact 
that the non-volatile memory generally needs bidirectional 
communications to coordinate Writing With a memory con 
troller. In one embodiment, a package connector on the non 
volatile memory may be used for one function that does not 
involve communications With the memory controller during 
reading and may be used for communications With the 
memory controller during Writing. Particularly, those com 

(21) Appl' NO‘: 12/335’587 munications during Writing may be to indicate to the memory 
controller When the memory is ready for Writing and When the 
memory is busy so that a Write must be deferred until the 

(22) Filed: Dec. 16, 2008 memory is ready to be Written to. 
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PROVIDING A READY-BUSY SIGNAL FROM 
A NON-VOLATILE MEMORY DEVICE TO A 

MEMORY CONTROLLER 

BACKGROUND 

[0001] This relates generally to non-volatile memory 
devices. A non-volatile memory is a device that stores infor 
mation even When power is unavailable. 

[0002] Examples of non-volatile memories include phase 
change memory devices and ?ash memory devices. Gener 
ally, non-volatile memory devices communicate With a pro 
cessor-based system through a memory controller. 
[0003] Non-volatile memories may be used as replace 
ments for dynamic random access memories. For example, 
the synchronous dynamic random access memory (SDRAM) 
may be replaced by non-volatile memories in the future. The 
JEDEC Solid State Technology Association (Arlington, Va. 
22201) is Working on a standard called loW poWer double data 
rate (“LPDDR2”) for a memory With loW poWer and high 
speed for both DRAM and non-volatile memory. LPDDR2 
reduces pin count to reduce package siZe for both the memory 
and the host processor and thereby to reduce system cost. 
HoWever, reducing pin count also limits signaling betWeen 
the memory and the memory controller. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] FIG. 1 is a schematic depiction of one embodiment 
of the present invention; 
[0005] FIG. 2 is a timing diagram for the embodiment 
shoWn in FIG. 1; and 
[0006] FIG. 3 is a How chart for one embodiment. 

DETAILED DESCRIPTION 

[0007] Dynamic random access memory (DRAM) devices 
may be replaced by non-volatile memory technology such as 
phase change memories. The dynamic random access 
memory has a deterministic Writing time. Each Write cycle is 
de?ned by a number of clock cycles needed to Write, Which 
makes the dynamic random access memory a passive device 
that does not need to communicate With a memory controller 
during Write or read. 
[0008] A non-volatile memory Writing/programming time 
is undetermined. For example, if a memory controller Wants 
to Write data to a non-volatile memory device, the non-vola 
tile memory device may be busy doing something in the 
background or still verifying the previously programmed 
data. To overcome this issue, some non-volatile memory 
devices may have a ready/busy (R/B) output pin. That pin is 
used to send a Wait signal to the controller if the controller is 
trying to Write to the memory and the non-volatile memory is 
busy. The controller is thereby advised to retry Writing later. 
[0009] HoWever, the LPDDR2 JEDEC standard reduces 
the number of pins to reduce the package siZe for both the 
memory and the host processor as a Way to reduce system 
cost. One pin that may be eliminated is the R/B output pin. 
Thus, under this proposal, the undetermined Writing time for 
non-volatile memories that substitute for dynamic random 
access memories becomes an issue. 

[0010] The proposed LPDDR2 JEDEC standard does pro 
vide a data not valid (DNV) signal to the controller only 
during the read mode. The data not valid signal uses an input 
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data mask/data not valid (DM) pin only during the read mode 
since the DM pins are used during the Write mode to mask the 
data. 
[0011] As used herein, a “package connector” includes any 
lead or conductor used to obtain an output signal from an 
integrated circuit, including pins, prongs, lands, contacts, 
terminals, plugs, balls, and springs. 
[0012] In accordance With some embodiments, another 
package connector that is unused during the Write mode may 
be used as an output signal from the non-volatile memory to 
the memory controller. One suitable package connector is the 
ZQ pin. The ZQ pin is used conventionally to enable the 
memory device to calibrate its output drive strength. The ZQ 
pin is connected to an external resistor (Which typically is 240 
ohms). The ZQ pin is only conventionally used during cali 
bration mode and is not conventionally intended for commu 
nications With the memory controller. 
[0013] The ZQ pin can be used for data communications 
during Writes, as a ready/busy pin during a Writing operation 
to the non-volatile memory device. During Writing, the cali 
bration mode is off. 
[0014] Thus, the ZQ pin can be used in the folloWing fash 
ion. In one embodiment, a current of 5 milliAmps may be 
driven through the ZQ resistor. In this example, the non 
volatile memory device generates 1.2 volts at the ZQ pin. The 
presence of this voltage on the ZQ pin is used to interrupt the 
controller to indicate that the memory is busy. It may also be 
considered a Wait signal. When the ZQ pin is asserted high, 
that means the non-volatile memory device is busy and the 
controller cannot Write in one embodiment. When the non 
volatile memory is ready for Write, the ZQ pin may be pulled 
loW again in one embodiment. Of course the opposite polari 
ties may be used as Well. Also, the signal provided from the 
ZQ pin may be a continuous signal or pulses, depending on 
Whether the retry is short or long. 
[0015] Thus, referring to FIG. 1, a non-volatile memory 12 
Which may, for example, be a phase change memory, includes 
a current source 16 coupled to the ZQ pin, indicated as R/B for 
ready/busy in FIG. 1. The non-volatile memory communi 
cates the ready/busy signal to the memory controller 10. It 
also communicates addresses and commands (A/C) and other 
signals, including data inputs/outputs (DQ), DM, and data 
strobe (DQS) signals. Clock (CLK) signals and clock bar 
signals may also be communicated from the memory control 
ler to the non-volatile memory. 
[0016] The memory 12 may include a control 18 that con 
trols the current source 16. The control 18 may be imple 
mented in hardWare, softWare, or ?rmware. The control 18 
may be an embedded processor or logic, as examples. 

[0017] Thus, in FIG. 2, the clock and clock bar signals are 
depicted at the top, folloWed by the command/address inputs 
CAO-9 and the Write command signals Cmd. Note that the 
?rst Write command signal initiates a request to Write to the 
non-volatile memory Which is rejected by the non-volatile 
memory, as signaled by the ready/busy (R/B) signal. Namely, 
the current I in the non-volatile memory device generates a 
high level on the ready/busy line to the memory controller 10 
indicating that the Write should be retried. 
[0018] The Write command (CMD) is then tried again, as 
indicated in dashed lines on the command timing diagram. 
When the device is no longer busy and is then ready, as 
indicated in dotted lines, the R/B level may be loWered and the 
current from the current source I may be turned off. This 
signals to the memory controller that the non-volatile 



US 2010/0149858 A1 

memory is noW ready to Write again and this may be followed 
up, as indicated by dotted lines on the line Cmd, by issuing 
another Write command. 
[0019] Referring to FIG. 3, a sequence is illustrated Which 
may be implemented in software, hardWare, or ?rmWare. In 
some embodiments, a computer readable medium may store 
instructions that, When executed, enable the sequence to be 
implemented. For example, the sequence may be imple 
mented by the control 18, shoWn in FIG. 1. 
[0020] Initially, a check at diamond 32 determines Whether 
or not a Write request has been received from the memory 
controller. If not, a read mode is implemented and, in the case 
of a ZQ pin, this means implementing the calibration mode, as 
indicated at block 30. 
[0021] If a Write Was requested, as determined at diamond 
22, a check determines Whether or not the memory is avail 
able and ready for a Write, as indicated in diamond 24. If so, 
the ready signal is provided on the ZQ pin in one embodiment, 
indicated at block 28. OtherWise, a Wait or retry signal is 
issued to signal the memory controller to Wait until the 
memory is no longer occupied to implement the Write com 
mand (block 26). From here, the How iterates until such time 
as the memory is free (as determined at diamond 24) and the 
Write can be implemented (as indicated at block 28). 
[0022] While an embodiment is described in Which the 
non-volatile memory device is a phase change memory and 
the product is the loW poWer double data rate, this same 
technology may be useful in any situation Where a ready/busy 
dedicated pin is unavailable for Whatever reason. 
[0023] References throughout this speci?cation to “one 
embodiment” or “an embodiment” mean that a particular 
feature, structure, or characteristic described in connection 
With the embodiment is included in at least one implementa 
tion encompassed Within the present invention. Thus, appear 
ances of the phrase “one embodiment” or “in an embodi 
ment” are not necessarily referring to the same embodiment. 
Furthermore, the particular features, structures, or character 
istics may be instituted in other suitable forms other than the 
particular embodiment illustrated and all such forms may be 
encompassed Within the claims of the present application. 
[0024] While the present invention has been described With 
respect to a limited number of embodiments, those skilled in 
the art Will appreciate numerous modi?cations and variations 
therefrom. It is intended that the appended claims cover all 
such modi?cations and variations as fall Within the true spirit 
and scope of this present invention. 
What is claimed is: 
1. A non-volatile memory comprising: 
a package connector to provide a ?rst function during 

reading; and 
a control to provide a second function different from said 

?rst function during a Write and to communicate, using 
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said package connector, With the memory controller 
about Whether said memory is ready for a Write. 

2. The memory of claim 1 Wherein said connector is a 
calibration pin. 

3. The memory of claim 2 Wherein said connector is a ZQ 
pin. 

4. The memory of claim 2 Wherein said memory includes a 
current source selectively couplable to a said ZQ pin. 

5. The memory of claim 4 Wherein said pin is coupled to a 
grounded resistor. 

6. The memory of claim 5 Wherein said control to generate 
a ready/busy signal by generating a current from said current 
source coupled to ground through said resistor. 

7. The memory of claim 1 Wherein said control to generate 
a ?rst potential on the connector to indicate a Wait condition 
during a Write to the memory. 

8. The memory of claim 7 Wherein said control to generate 
a second potential on the connector to indicate that the 
memory controller should retry Writing to the memory. 

9. The memory of claim 1 Wherein said memory is a phase 
change memory. 

10. A method comprising: 
using a non-volatile memory package connector, used for a 

function during reading not involving data communica 
tions With a memory controller, for communicating With 
a memory controller during Writing to indicate Whether 
the memory is ready to be Written. 

11. The method of claim 10 including using said connector 
to indicate When the memory is busy and cannot be Written. 

12. The method of claim 10 including using as said con 
nector a calibration pin. 

13. The method of claim 12 including using a ZQ pin as 
said calibration pin. 

14. The method of claim 10 including using as said con 
nector a pin including a connection to ground through a 
resistor. 

15. The method of claim 10 including using said connector 
to indicate When to retry a Write to the memory. 

16. The method of claim 15 including using said connector 
for calibration of the memory during reading. 

17. An apparatus comprising: 
a memory; and 
a multiplexed pin that is used as a ready/busy pin in one 
mode and for another function in another mode. 

18. The apparatus of claim 17 Wherein said pin is a cali 
bration pin. 

19. The apparatus of claim 18 Wherein said pin is a ZQ pin. 
20. The apparatus of claim 17, said pin to provide a signal 

to retry a Write to said memory. 

* * * * * 


